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VISIT TO THE FACILITIES OF THE NATIONAL 
ADVISORY COMMITTEE FOR AERONAUTICS 


1. INTRODUCTION 


The National Advisory Committee for Aeronautics is an inde 
pendent executive agency operated entirely on Government funds. 

Since 1942 funds for the NACA have average over $50 million per 
annum. The amount for fiscal year 1955 was $55,620,000, and the 
sum requested for fiscal year 1956 is $76,5 million, the largest budget 
since 1950, when an appropriation of $75 million for the construction 
of the unitary wind tunnel system brought the total appropriation for 
that year to $128 million. 

Congressional jurisdiction over the NACA lies with the Committee 
on Armed Services, but the NACA appears before this committee for 
approval of construction funds only. The Appropriations Commit 
tee, or a designated subcommittee thereof, passes upon funds for the 
other expenses of the NACA. 

While a considerable amount of information is given these commit- 
tees in hearings, it is often difficult to visualize exactly what the funds 
requested are spent for and the exact nature and value of the work 
performed. Senator Flanders discussed this problem with Senator 
Richard B. Russell, chairman of the Committee on Armed Services, 
and as a result was requested by Senator Russell to visit the installa 
tions of the NACA to obtain firsthand information concerning its 
activities. 

Senator Flanders, an ex officio member of the Armed Services Sub 
committee of the Appropriations Committee and a member of the 
Committee on Armed Services, had previously visited the NACA 
laboratory at Langley Field, Va., and decided to visit the three other 
NACA facilities during the Easter recess of the Senate. 


Il. THe Narionat Apvisory ComM™Mirrer FoR AERONAUTICS 


The NACA is a governmental research organization. In the three 
fields of aerodynamics, powerplants, and aircraft structures, the 
NACA is the main source of aeronautical research information in this 
eountry. The Committee which directs its operations is compose “dl of 
17 distinguished men of scientific background appointed by the Presi 
dent. The present Committee is : 

Jerome C. Hunsaker, Sc. D., Massachusetts Institute of Technology, Chairman 
Detley W. Bronk, Ph. D., president, Rockefeller Institute for Medical Research, 

Vice Chairman 
Joseph P. Adams, LL. D., member, Civil Aeronautics Board 
Allen V. Astin, Ph. D., Director, National Bureau of Standards 
Preston R. Bassett, M. A., president, Sperry Gyroscope Co., Ine. 

Leonard Carmichael, Ph. D., Secretary, Smithsonian Institution 
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Ralph S. Damon, D. Eng., president, Trans-World Airlines, Inc. 

James H. Doolittle, Sc. D., vice president, Shell Oil Co. 

Lloyd Harrison, rear admiral, United States Navy, Deputy and Assistant Chief 
of the Bureau of Aeronautics 

Ronald M. Hazen, B. S., director of engineering, Allison division, General Motors 

Corp. 
wenmees S. Combs, vice admiral, United States Navy, Deputy Chief of Naval 

Operations (Air) 

Donald L, Putt, lieutenant general, United States Air Force 
Donald A. Quarles, D. Eng., Assistant Secretary of Defense (Research and 

Development ) 

Arthur E. Raymond, Sc. D., vice president—engineering, Douglas Aircraft Co., 

Inc. 

Francis W. Reichelderfer, Sc. D., Chief, United States Weather Bureau 
Nathan F. Twining, general, United States Air Force, Chief of Staff 
Vacancy—Civil Aeronautics Authority 

The NACA was created by act of Congress in 1915— 
for the supervision and direction of the scientific study of the problems of flight 
with a view to their practical solution. 

It now functions primarily as a research organization, which, with 
the extremely wide representation on its C ommittees of all branches 
of Government and industry, acts as an informal coordinator of all 

the aeronautical research being performed in this country. 

In addition to the presidentially appointed main Committee, there 
are four technical committees composed of outstanding personnel from 
Government, industry, and educational institutions. These are the 
Committee on Aerodynamics, the Committee on Power Plants for Air- 
craft, the Committee on Aircraft Construction, and the Committee on 
Operating Problems. 

One of the members of the main Committee serves as the chairman 
of each technical committee. 

These technical committees advise the main Committee of the 
NACA on problems in their fields and suggest research problems to be 
undertaken. 

Each of the four technical committees is assisted by 4 to 8 subcom- 
mittees, which are composed of still more representatives of all seg- 
ments of the aviation industry, the military services, and other Gov- 
ernment agencies. 

The committees include a large number of persons connected with 
educational institutions and research foundations. Through dissemi- 
nation of the information gathered by the NACA, and by the exchange 
of information among the “members of the many committees, duplicate 
research programs are avoided (for the full membership of the techni- 

cal committees and subcommittees, which is over 400 people, see the 
Annual Report of the NACA, 1954). 

It is to be emphasized that none of the members of these committees 
receives any salary from the NACA except the few, of course, who 
represent the NAGA at the w orking level on the committees. 

3y this donation of their time ‘to the NACA, the members of the 
main Committee and technical committees and subcommittees give in- 
valuable service to the Government and provide a means for the co- 
ordination, at a high level, of the aeronautical research work being 
performed by schools and universities, the Army, Navy, and Air Force, 
engine, airframe, and aircraft components parts manufacturers, and 
byt the civilian airlines. 

Final authority for research projects is given by the main Com- 
mittee, and the work is carried out by the civilian employees of the 
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NACA, under the direction of Dr. Hugh L. Dryden, at five installa 
tions. 

About 7,500 persons are employed by the NACA. Approximately 
half are engineers and scientists, and about 40 percent are trades and 
crafts people. The remaining 8'to 10 percent are administrative per- 
sonnel. The NACA is plagued by an engineer shortage, and reports a 
handicap in not being able to pay its ‘personnel as well as private 
industry. 

Distribution of research information prepared by the NACA is ac- 
complished by 1 of 3 methods: 

Publication of the information in a research memorandum (usually 
classified ) . 

By the holding of technical conferences of persons concerned with 
particular projects, and 

Through project consultations, which tend to bring together those 
most concerned with a particular problem in industry and the military. 

Specific research projects are often performed at the request of the 
Air Force or other service and for private manufacturers, if for an 
aircraft being built for the military. As much as 50 percent of the 
time of wind-tunnel operations is spent on work specifically requested 
by the services. 

In addition to its regular program of research, which is basic re- 
search designed to further aeronautical science generally, the NACA 
is often called upon to assist in the solving of specific problems per- 
taining to a particular type of aircraft w hich arise after the plane is in 
production. 

III. THe Unirary Winp-Tunnet Pian 


As the speed of aircraft increased during the postwar period, it 
became apparent that much more basic know ledge of aerodynamics 
and propulsion systems would have to be gathered in order to design 
aircraft and engines which could operate at these very high speeds. 
Perhaps more important, it was necessary to learn a great ‘deal more 
so that planes could be designed which could fly effici ently not only 
at subsonic, but at transonic and supersonic speeds. 

At these speeds the problems are more difficult because one set of 
design laws applies at subsonic speed, another at supersonic, and none 
at all in the transonic range. In fact, the turbulence and other 
aerodynamic phenomena which occur in the transonic range—about 
Mach 0.8 to Mach 1.2—cannot be determined solely by theoretical 
calculations and require actual experiment. 

To accomplish the necessary research in these fields became a prob- 
lem of the first importance to the NACA, the Air Force, airframe and 
aircraft engine manufacturers, and rocket and guided-missile research 
organizations and manufacturers. 

For each of these groups to have attempted construction and opera- 
tion of separate wind-tunnel facilities would have been tremendously 
and unreasonably expensive. 

Therefore, as far back as 1946, work began on plans for a wind- 
tunnel system that would provide information for all groups con- 
cerned—a unified wind-tunnel system. From this approach came the 
name the unitary wind-tunnel plan. That each agency could not con- 
struct its own duplicatory facilities is shown by the fact that the 
first estimate of the cost for even a unified wind-tunnel system was 
well in excess of $2 billion. 
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Eventually the cost of the plan was reduced to $600 million to be 
appropri: ited over a 5-year period, and was presented to the Congress 
as a joint military-NACA program. 

In 1950 the NACA received $75 million for commencement of con- 
struction of 6 large tunnels. The Air Force and the Navy also are 
constructing facilities which play a large part in the unified wind- 
tunnel plan. 

The tunnels being constructed at NACA facilities under this first 
appropriation are: 

1. A 10-foot supersonic tunnel for engine work at the Lewis 
Flight Propulsion Laboratory. 

An 8-foot, 3-part, transonic, low supersonic, and supersonic 
tunnel for aerodynamic work at the Ames Aeronautical Labora- 
tory. 

A 4-foot tunnel for aerodynamic studies at Langley Aero- 
nautical Laboratory. 

Private industry, in addition to the military, will receive benefit 
from investigations made with these facilities for its use in the design 
of military aircraft, rockets, and guided missiles. In addition, through 
payment of fees of approximately $1,000 an hour, industry can 
“rent” the facility: for use on particular problems and retain pro- 
prietary rights on the information gained for use on civilian air- 
craft. 

These tunnels are now being completed and will come into operation 
shortly. 

The NACA has requested, during fiscal year 1956, $5,650,000 to 
complete the staffing and to permit the full-year operation of these 
tunnels. 

In view of the great need for the information to be gained from these 
tunnels and of the large investment already incurred, it appears that 
any reduction of this amount would delay the advance of our basic 
knowledge and reduce an already restricted program of research to, 
perhaps, a dangerously low level. 


LIV. Tue Lewis Fuicur Prorpvision Larporatrory 
Director: Dr. Edward R. Sharp 


The Lewis propulsion lab, located in an area adjoining the airport at 
Cleveland, Ohio, is, as its name indicates, primarily concerned with 
research into methods of propulsion : air-breathing engines—the turbo- 
jets and ramjets—rocket engines, and nuclear propulsion for aircraft. 

Involved in these studies are many subjects of research which must 
be correlated—liquid and metallic fuel sources, metal and alloys, 
ceramics, structures, coolants, interrelation of major engine parts, and 
fuselage configuration, to mention a few. The fact that a laboratory 
engaged in propulsion methods must deal with such things as fuselage 
configuration serves to illustrate the fact that now all aircraft. re- 
search must be very closely coordinated ; it has become absolutely nec- 
essary that the persons engaged in aircraft research, in no matter 
how widely differing fields, must keep in constant close communica- 
tion. To explain in more detail, fuselage configuration is studied at 
Lewis primarily because of airflow problems involved in advancing the 
power of jet eng‘nes. If the engine is mounted with the airscoops 
flush with sides of ‘ae fuselage, the boundary layer of air—a thin film 
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of air clinging to the metal skin, and flowing only at low speeds— 
interferes with the smooth flow of high-speed air into the intake. 
One method now widely used is to place the entrance of the scoop a 
small distance from the fuselage, streamlining the connection, so that 
the boundary layer of slow-moving air is “bled off” from the engine 
opening, leaving the engine’s mouth an unobstructed bite at the air. 

This is just one ex: mple of many thousands of the overlapping na- 
ture of modern aircraft research. 

But the main effort of the Lewis lab. of course, is directed to the 
betterment of propulsion systems. ‘To accomplish this, the laboratery 
is gl with wind tunnels, test cells, altitude tanks, a fuels and 
lubricants laboratory, and much accessory equipment. 

Since it is a great deal cheaper to construct small models or partial 
sections of the engine, and to conduct experiments with these models, 
methods have been devised to simulate conditions in small tunnels so 
that the results will correspond to those which would be found in 
testing with full-scale aircraft engines or other aerodynamic bodies. 
To accomplish altitude simulation, vacuum pumps are necessary to 
lower the pressure and compressors to raise it, with water coolers to 
cool the exhaust. 

Many of the wind tunnels and servicing equipment are intercon- 
nected so that the total resources may be applied to a particular test 
facility when needed. Since full-scale engines in operation are also 
tested, air must be supplied to the engine at the conditions existing at 
very high altitudes. Lewis has facilities which can supply this air at 
tempel ratures from — 70° to 600° F.; pressures of from 2 to 450 pounds 
per square inch can be applied, and exhaust outlets enab ling simulation 
of operation at 60,000 feet of altitude. 

There are 6 small wind tunnels for aerodynamic research on models 
of propulsion systems, 5 of which can be used in ramjet research, 
with wind flow at speeds from Mach 1.85 to 7.0. There is an 8- by 6- 
foot wind tunnel for the testing of full-scale engines at speeds from 
Mach 1.5 to 2.0. Some of the problems studied with the use of these 
tunnels are the best methods of providing ramjet propulsion, the flame 
blowout at high speeds, the te oi of supersonic inlets, and the drag 
of engine installations. There is also a facility for research on the 
problem of icing. 

In the engine research building at Lewis, which contains nearly 
100 research laboratories and test cells enabling simulation of highly 

varying flight conditions, research is conducted on compressors, com- 
pressor and turbine blading, combustion chambers, turbines, after- 
burners, fuel-injection systems and controls, afterburner fuel systems, 
flame holders, and variable area exhaust nozzles. 

One of the most important areas of research going on concerns the 
problem of the heating of the turbine blades. Since the thrust of the 

engine depends upon the amount of heat generated in the combustion 
chamber, the turbine blades, which are re volved by this constant blast 
of extremely hot gases, must be able to withstand those temperatures 
for long periods of time, and in fact, the durability of the turbine 
blades is one of the major limiting factors on the amount of thrust 
output for which jet engines can be designed. 

All manner of experimentation is being conducted to overcome this 
limitation, which must be solved by one of two ways; either cooling 
the blades or building the blades so that they will stand up under high- 
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er temperatures. Al] turbine blades of jet aircraft now in production 
are of solid metal, but the NACA is testing blades filled with tubes on 
the inside for the circulation of coolants, blades made in shell form 
with various types of corrugated metal as interior support, blades 
made of heavy, porous wire mesh, and porous sintered bisdes, made by 
pressing together powdered metal, that is, blades constructed so that 
they may be cooled by a film of coolant flowing on the exterior surfaces. 

In connection with this work are facilities for testing the turbine 
blades in actual operation. Engines with turbine blades of experi- 
mental design are instrumented and placed in test facilities which 
permit ac tual operation of the engine under variable conditions so that 
the performance may be measured and compared. 

A machine shop of unusual nature is necessary at Lewis, since re- 
search of this nature is not done with standard production items, and 
the small-lot requirements do not permit this work to be contracted 
for economically. 

Another limitation on the speed and performance of jet engines is 
the present weight and efficiency of the compressor. In its study of 
compressors, the Lewis lab designs and constructs experimental com- 
pressor blades of various configurations and materials such as plastic- 
impregnated fiberglass. After installation of the compressor in an 
engine and instrumentation, the engine is operated in a combustion 
chamber where one factor at a time may be changed, all others remain- 
ing constant; such as the amount and speed of air supplied, the angle 
at which it enters the compressor, the type of fuel and controls used, 
etc. 

The jet-engine surge and stall problem at high altitudes and under 

varying flying conditions h: as recently become very important, and in- 
formation on which to rely in the design of lighter and more efficient 
and dependable compressors must come from the Lewis lab. 

Again, the experimental compressor blades must be made at Lewis, 
since the requirements are for only a few blades at a time and in shapes 
not ordinarily manufactured. 

The design of transonic compressor blades is being emphasized, since 
the use of this type of blade promises compressors with fewer stages 
a smaller number of rows of blades—with higher total compression. 

An acute problem arises in the actual construction of the experi- 
mental blades on the basis of a theoretical design; the quantities re- 
quired are too few for commercial production, and excessive calcula- 
tions are required to translate the design into a blueprint for hand 
machining. Yet the speed of research on compressors is as to the 
quickness with which the blade can be made and tested; it is very 
important that the new designs be made quickly, tested, medified, and 
still newer designs cut and tested. 

As a result, the Lewis lab has gone into automation, and has enjoyed 
solid success with an electronically directed and controlled compressor 
blade-cutting mac -hine. 

Research on compressors is advancing in an encouraging manner; 
new knowledge will enable our aircraft to operate at supersonic speeds 
at very high altitudes with compressors able to deliver substantially 
more air to the engine than present designs without an increase in 
engine weight. 

Another interesting 2 area of research is the stresses caused in the com- 
bustion chambers or “cans” by heat and pressure. At very high tem- 
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sratures standard combustion chambers buckle, and the NACA is 
flan into the field of ceramic coatings and the possibilities of cool- 
ing the chambers. 

The work on increasing the efficiency of the engines so that maxi- 
mum energy is obtained from the fuels has progr essed so satisfactorily 
that practically 100 percent combustion efficiency has been reac hed, 
and this over a great range of speed and altitude, 

Most of the propellant ‘work is being done at Lewis on liquid pro- 
pellants, but all manner of fuels are being studied in an effort to get 
the most energy from the least weight and in this connection certain of 
the lighter elements are being experimented with. 

For instance, work is being done with these materials in the form 
of wires, powders, briquettes, and slurries. A high degree of success 
has been attained which cannot be discussed here because of its classi 
fied nature. Simultaneous injection of water into the engine inlet 
cools the air, increases the volume of the output of gases by turning to 
steam, and so further increases the thrust. 

A great deal of work is being done with the ram-jet engine by the 
NACA, and work on this type of propulsion has advanced much 
oe and has become much more practical than the general public 

ealizes. The ram-jet engine is essentially a hollow pipe formed in 
such a way that, at high speeds, the air is compressed by the shape of 
the mouth of the engine alone, heated by the burning of fuel, and 
expanded, which results in thrust. The ram-jet is inoperative or in- 
efficient if its use is attempted at below the speed of sound, but at 
higher speeds the great saving in weight and the nature of the con- 
struction makes the engine a great deal more efficient. Also, manu- 
facturing costs are considerably less. The NACA has a number of 
altitude tanks in which full-scale ram-jet engines can be installed, in- 
strumented, and operated at simulated conditions of great altitude and 
speed. These tanks are equipped to force a flow of air into the ram-jet 
engine at speeds in the vicinity of three times the speed of sound. The 
fact that research has progressed to the poiit that there are now a 
number of ram-jet powered guided missiles well into the development 
stage indicates the past success and present importance of research in 
this field. 

The NACA has had considerable success in a different field, that of 
— fires, a hazard which at one time was the principal cause of air- 

‘aft fatalities. A number of surplus, unrepairable C-—82’s were 
equipped to attain high speeds on a ground track, then crashed into 

various types of obstacles. Instrumentation of the aircraft plus color 
photography revealed a large number of fire sources, such as static 
electricity and the hot exhausts of these propeller-driven planes. The 
research was concentrated along two lines: ignition sources and the 
routes which spilled fuel followed. After a ‘thorough study of fuel 
sources and ignition sources, the NACA has devised inerting systems 
to cool the hot areas of the aircraft with water, eliminate the sources 
of electrical sparks, and automatically pump CO, into the engine 
when the aircraft crashes. 

The wind tunnel at the Lewis lab. which is part of the new unitary 
system is a 10 by 10-foot supersonic tunnel, with air speeds variable 
from Mach 2 to 3.5. Extremely high altitudes well in excess of those 
now flown can be simulated. To give some idea of the difficulties 
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which must be taken into account in simulation of flight on the ground, 
it is pointed out that an object traveling at very high speeds, even in 
the rarefied upper air, is subject to surface temperatures from friction. 
Yet the air in a wind tunnel moved at these high speeds cools from 
exp ANSION and it is necessar y to pre ‘heat the air to very high tempera- 
tures in order to more closely simulate actual experience. 

The 10 by 10-foot tunnel at Lewis is equipped with a movable test 
section which drops to a level below the tunnel itself for unobstructed 
installation, instrumentation and servicing of the models in the tunnel. 
This tunnel has a very interesting construction, in that the speed of 
the air is varied by a movable throat constructed of two extremely long 
sheets of thick stainless steel placed vertically as the walls of the tun- 
nel. These sheets of stainless steel are moved by long rows of coordi- 
nated hydraulic jacks to vary the width and configuration of the tun- 
nel throat, which varies the speed of the air moving around the model. 

A huge compressor, similar to the compressors used in aircraft, pro- 
vides 1.3 million cubic feet of air per minute. 

The word “instrumentation” has been used a number of times, it will 
have been noted, and it is as well to point out that the type of research 
conducted by the NACA depends upon accurate measurement of 
“what’s going on,” for the performance of the experiments is of no 
value unless there are accurate measurements. ‘These run into the 
thousands upon thousands, and great banks of manometers and other 
measuring devices are to be found in nearly all the test facilities. 
Unusual methods of photographing the results have been developed, 
and, as a byproduct of aeronautical research, systems of measurement 
and of electronic computing have been devised which produce the test 
data during the running of the test. One significant development is 
the use of a small “tank” fitted with pulsating diaphragms transmit- 
ting the pressure changes in the engine or model into highly accurate 
electronic measurement signals. 

The results can be fed directly into the special electronic computers, 
taped, and taken off the tape by automatic typewriter. Or, the elec- 
tronic computer can work directly from the tape. Both methods are 
used as a means of cross checking. The nature of this advance can be 
appreciated by comparison with the older method of manual trans- 
scription of thousands of figures from standard test gages. 


V. Ture Lanetey AFRONAUTICAL LABORATORY 
Director: Dr. Henry J. E. Reid 


The Langley Aeronautical Laboratory at Langley Field, Va., is 
the NACA’s oldest, largest, and most diversified research center. Its 
siaff is composed of approximately 3,000 persons, including scien- 
tists, laboratory technicians, modelmakers, machinists, mechanics, 

computers, and other supporting staff. Research began at Langley 
in 1918 and now includes all aspects of aerodynamics, work in air- 
raft structures, hydrodynamics, and rotary-wind aircraft. It now 
has 20 wind tunnels of many types—subsonic, transonic, supersonic, 
and hypersonic—a structures research facility, a hydrodynamic test- 
ing basin, and other unusual research facilities. It was at Langley 
that a difficult scientific problem of transonic flow previously consid- 
ered “impossible” was solved. This achievement was the design, de- 
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velopment, and operation of a transonic wind tunnel capable of oper- 
ating below, at, and slightly above the speed of sound, For the 
development of the “ventilated throat,” making this possible, Lang- 
ley scientists were awarded the Collier Trophy for 1951, 

Since the development of the first transonic tunne] at Langley, other 
tunnels have been modified and new facilities constructed to tneor- 
porate the features of this new test section. By use of the transome 
tunnel at Langley, researchers have obtained a better understanding 
of the causes of the extremely large increases in drag of conventional 
aircraft as they reached the speed of sound, The new-found informa- 
tion has made possible large decreases in drag and made possible 
increases in the high-speed performance of our most modern aircraft. 
Increases of more than 100 miles an hour have been added to several 
military aircraft after they were in production. 

Supersonic facilities have been in use at Langley for many years. 
A 9-inch supersonic tunnel was put into operation late in 1941. "This 
tunnel provided much of the background of experience that went into 
the design of the Langley 4-foot supersonic pressure tunnel completed 
in 1948, which is ¢ apable of testing models to twice the speed of sound. 
A new 4-foot supersonic wind tunnel which is part of the unitary wind 
tunnel plan is capable of speeds of about Mach 5. This tunnel is just 
coming into operation and is expected to make important contribu- 
tions to many advanced airplane and missile designs. 

Another wind tunnel, a 19-foot one, is to be converted for use on 
problems in the transonic range, and will be equipped for flexible 
mounting of the dynamically se: aled models. This permits test results 
more closely related to actual flying conditions, and will be of special 
value in the study of wing and fuselage flutter at high speeds. The 
laboratory at Langley also conducts flutter “check-outs” on every mili- 
tary aircraft going into production. 

The Pilotless Aircraft Research Stations at Wallops Island, Va., 
which is a subdivision of the Langley Laboratory, began operation in 
July 1945. It is a firing range where highly instrumented models of 
airplanes and missiles are tested. Here se ale models of airplanes ex- 
plored problems encountered in passing through the speed of sound 
2 years prior to the first successful flight of a manned aircraft to 
these speeds. The rocket-model technique now has been extended to 
investigate problems of supersonic and hypersonic flight to speeds in 
excess of 7,000 miles per hour. Particular attention is given in the 
research program to problems that will be encountered by interconti- 
nental ballistic missiles. 

Another example of the type of work accomplished at the Wallops 
Island station is the study of airplane response when hit by a large 
gust of wind, such as that resulting from a nuclear explosion. TNT 
is exploded on Wallops Island for tests of this nature. 

Langley research in the field of aircraft construction is largely con- 
cerned with the complex problems introduced by very high-speed 
flight. When an aircraft cruises in the atmosphere at a speed of about 
21% times that of sound, the surface temperature of the airplane rises 
to almost 400° F. in a few minutes. If the aircraft accelerated to a 
speed of about 3 times the speed of sound, heat caused by friction of the 
air would be generated at a rate sufficient to melt a ton of ice per 
minute. A sustained speed of 4 times the speed of sound or about 2,700 
miles per hour would increase the surface temperature to 1,000° F. 
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When it is recognized that the speeds to be achieved by long-range in- 
tercontinental missiles will exceed 6,600 miles per hour, it can be appre- 
ciated that unless handled by some new scientific means, the tempera- 
tures reached will be enough to melt any presently known materials. 
These tremendous problems must be overcome to preserve the missile 
structures from disintegration. It is necessary to attack such a prob- 
lem both aerodynamically, with the view to reducing the temperatures 
to be experienced, and also structurally, by developing means to with- 
stand these very high temperatures. At the Langley Laboratory, 
studies are being made of the rates and manner in w hich aerodynamic 
heating flows through the skin of missile and aircraft structures when 
flying at high speeds. To accomplish this work, it has been necessary 
to devise new research techniques a would enable precise repro- 
duction on the ground of the manner in which these phenomena oc- 

cur. This work involves not only the more obvious effects of aerody- 

namic heating, but also the structural deflections or distortions which 
occur when the structure is subjected to very rapid he: ating and when 
certain parts of the structure undergo rapid changes in tempe1 rature, 

Temperature distributions in the structure become uneven, causing 
thermal stresses and buckling which change the structural stiffness and 
result in a destructive action called flutter. 

Other means are used to study the problems of aerodynamic heat- 
ing. Banks of heat-producing devices consisting of huge heaters, 
which are primarily carbon rods together with special lamps, simulate 
conditions found in high-speed flight, and aerodynamic structures can 
be heated in this manner for additional research. 

Another of Langley’s varied activities is the study of the dreaded 
tail-spin. In the Langley free-spinning tunnel, models which are ac- 
curately scaled both dynamically and geometrically can be made to 
spin freely by remote control without endangering an actual airplane 
and pilot. Spinning characteristics are predic ted from the behavior 
of the model and techniques to insure safe recovery are developed. 
Over the past 20 years, most American fighter planes have been tested 
there, and as a result many airplanes which would have had dangerous 
spinning characteristics have been modified to provide safer operation. 

The Langley scientists are also concerned about the necessity for 
increasing the length of airport runways as a consequence of the in- 
creases in flight speeds being achieved by new airplane designs. Their 
studies have quickened interest in the possibilities of designing air- 
eraft which will possess both the vertically rising capabilities of the 
helicopter and the high speeds of conventional airplanes. Many hours 
are being spent in flying small models of remotely controlled aircraft 
which are designed to produce direct lift for hovering flight. One of 
the most serious problems inherent in the concept of a vertically rising 
airplane is that of providing adequate stability and control during 
hovering flight and in transition to for ward flight. The laboratory has 
advanced some interesting and promising ideas for dealing with these 
problems. 

The Langley Laboratory has been actively engaged in studying 
seaplane problems since 1931. In recent years the “development of 
flying-boat hulls appeared to have been carried almost to a practical 
limit. A recent neers development at the Langley Labora- 
tory, however, promises great improvement in seaplane design and 
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utility. The development of the hydroski principle may release the 
flying boat from its speed handicap caused by the large hull required. 
Langley research on hydroskis has important military significance 
and may make any smooth body of water, snow, or even wet sod, a 
potential landing field for fast jet planes. Airplanes equipped with 
hydroskis possess the aerodynamically clean lines of land planes by 
elimination of the floating hull. 

Full-scale research is performed at Langley through flight investi- 
gations of airplanes anit by studies in the full-scale wind tunnel, which 
has a 30- by 60-foot test section. In this tunnel studies are made of 
boundary-layer control to increase the lift of wings of high-speed 
airplanes during takeoff and landing. The research information which 
has been gained in recent years through these studies makes applica- 
tion of boundary-layer control devices to both military and commer- 
cial airplanes now appear practical. 

Here also in the full-scale tunnel, rotors for helicopters are tested. 
This work, which has to be done at large scale, has done much to ad- 
vance our knowledge of the very complicated motions of helicopter 
blades in flight. 

The new problem of fatigue in fast, high-flying aircraft, which re- 
ceived such great publicity in connection with the failures of the 
British Comets, is being investigated at Langley. Pressurized cylin- 
ders, simulating fuselages, with varying skin stiffnesses and reinfore- 
ing members, are used to determine the cause of fatigue failures with 
resulting explosions of the fuselage. Full-scale tests are also conducted 
on several types of aircraft with varying loads applied in order to 
accurately determine the different types of failures. 


VI. Tue Ames AERONAUTICAL LABORATORY 
Director: Dr. Smith J. DeFrance 


The Ames Laboratory is located on Moffett Field, a naval air sta- 
tion, a short distance south of San Francisco. The laboratory is con- 
cerned primarily with aerodynamics—the performance of the air as 
it flows past aerodynamic surfaces, which means that most of the re- 
search is done with airframes or parts of the airframe, and that a 
large number of different types of wind tunnels and subsidiary equip- 
ment are required. 

The largest wind tunnel in the world is located at Ames; the test 
section measures 40 feet by 80 feet, and actual aircraft are mounted 
for subsonic aerodynamic studies. If at first it might be thought that 
the study of aerodynamics at “low” speeds has become of second-rate 
importance, it can be quickly put in proper perspective by the realiza- 
tion that even the fastest plane must fly at subsonic speeds at takeoff 
and landings, and that radical wing shapes suitable for very high 
speeds must also develop sufficient lift so that the craft can take off 
and land in a reasonable space and at practical speeds. It has been 
determined that no wing can be designed to be efficient at all three 
ranges of speed, and that designs must be compromises, probably 
sweptback or triangular forms, which will provide acceptable per- 
formance at subsonic, transonic and supersonic speeds. Thin stubby 
wings with extremely low ratios of thickness to length, suitable for 
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supersonic flight, will obviously not provide suflicient lift for maneu- 
vering or landing or takeoffs in the space allowed by conventional air- 
strips runways. 

On the other hand, thick, right-angle wings will not give the per- 
formance at high speeds and simply cannot cut through the air at high 
speeds. 

All manner of other problems are involved and must be made a part 
of the research program. For example, at high speeds air tends to 
become “soft” at the juncture of the wing to the fuselage, the “root,” 
and this soft air will creep along the wings to the end, making the tips 
of the wing lose lift and the pl une nose down. 

Another area which is receiving a great deal of attention is the at- 
tempt to control the boundary layer of the air about the upper surface 
of the wing, so as to retain lift. If the speed of the air moving over 
the wing forces the current of air up and away from the wing, consid- 
erable lift is lost. Various experiments are being made to solve this 
problem, and the primary interest given aerodynamic studies at Ames 
is devoted to the study of lift and drag to improve the stability and 
control of present configurations of aircraft in the speed range below 
Mach 3.5. 

In the 40- by 80-foot tunnel, for instance, at the time of the visit, 
a T-33 was mounted in the throat, being instrumented and readied for 
boundary layer control experiments—attempts to keep the air flowing 
smoothly over the wing. To accomplish this, a number of porous 
metals—small stainless-steel spheres pressured into sheets of metal— 
had been installed on the leading and trailing edges of the wing. 
Equipment is installed in the aircraft, using very low horsepower, 
which by means of a vacuum pump is operate d to suck air into the body 
of the aircraft itself, bending the fast-moving air about the wing by 
“bleeding off” the slow-moving air adhering to the lift surfaces. "The 
NACA has been able to raise substantially the lift coefficient of the 
aircraft it has worked with, enabling landing speeds of as much as 40 
percent lower by use of this-process. The vacuum pump is operated 
from the jet engine. 

Another important facility at Ames is the 12-foot pressure wind 
tunnel, which can operate w ith pressures of up to 6 atmospheres. By 
thus increasing the pressure, models can be used with the results the 

same as if full-scale aircraft were. This pressure also enables the tun- 
nel to be used for supersonic experimentation. 

Perhaps the most interesting work being done at Ames is in the 
field of ballistic missiles. 

Progress in this area is encouraging. 

Some of the equipment used is quite unique, as indeed it would have 
to be—a high velocity artillery shell travels at approximately Mach 

2.5, yet speeds well in excess of Mach 10 must be attained if research 
is to go forward in this area. 

To accomplish work along this line, the NACA has devised a method 
of firing free-flight ballistic missiles into a stream of air, thus getting 
the combined speed of the missile and the air. This has several ad- 

vantages: firing a missile with enough energy to reach these extremely 
high speeds would create stresses and strains on the missile of tre- 
mendous proportions—up to several hundred thousand G’s—and firing 
into the high stream of air reduces the speed at which the missile 
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must be fired. Also, firing into the wind creates a lower pressure, en 
abling a higher Mach number at a lower actual speed in miles per hour. 

The models used for these fir ings are small enough to be held easily 
in the hand, and are encased in plastic cylinders to give them ballistic 
qualities. This plastic form, called a sabot, falls away from the missile 
after firing, leaving a missile aerodynamically unhampered. 

At great speeds ‘such as this method attains, the measurement of 
the speed, heat, and turbulence brought about is obviously quite diffi- 
cult, and electronically controlled cameras, by use of mirrors and 
actuators resulting from the passage of the missile, have been devel- 
oped which can measure with inc redible accurac y. Even though only 
short distances are involved, the time elapsed in the travel of light 

rays must be included in the calculations, 

The missiles are of many different aerodynamic shapes, with differ 
ent configurations of fins, and so forth. The present facility is being 
lengthened so that it will enable the study of the dynamic character 
istics of an aircraft, for which this arrangement is suitable since it is 
a free-flight facility. It is also being used in studying the gyrose aes 
coupling ¢ effect—a phenomena which can tear a plane apart in the 
following a quic k roll at high speeds, 

The speeds attained in this fir ing tunnel are obviously high enough 
to create substantial heat levels on the missile. This thermal barrier 
uppears to be the next great obstacle to attaining very high speeds, 
and information for application both to aircraft and to the very long 
range missiles which heat upon reentry into the atmosphere is result 
ing from the tests being made at Ames. 

There isan NACA hangar facility at the Ames Laboratory adjacent 
to the naval airfield, and a number of different aircraft are used for 
experimentation in many different fields. 

Modern fighters are equipped with various types of boundary layer 
control features. either the porous metal strips discussed ear ‘lier or 
outlets from which wind is blown over the trailing edges in order to 
bend the high-speed air close to the wing. In this case, the air pres 
sure is taken from the engine thrust, and the problem is to obtain 
sufficient power to bend the air over the wing without detracting from 
the power of the aircraft. These systems, incidentally, are turned on 
and off by the pilot. 

The advantages of this boundary layer control are that it will lower 
the landing and takeoff speeds of aircraft, or increase the gross load, 
and enable a supersonic aircraft, with its high-wing loadings, small 
wings; and high gross weight to also have sufficient lift for operation 
at subsonic speeds. 

Other work, of course, is also being carried on, for instance the study 
of the stability characteristics of older-type aircraft. Ingenious 
methods have been devised whereby one airplane can be instrumented 
in such a fashion that it will have the characteristics of a differently 
designed airframe; the engineer test-pilot tests the plane, records the 
actions, and the settings can then be changed and the plane flown 
again, this time having the characteristics of still another design. 
This saves the necessity of building a whole airplane just to test 
changes in design of the airframe. 

Obviously, these are just a few of the various types of projects 
carried on, and security requirements limit a discussion of the progress 








14 REPORT BY SENATOR FLANDERS 


which the NACA is making. Mention should be made, however, of 
the electronic target simulator which has been developed for use in 
connection with rocket firings ; this equipment eliminates the necessity 
for an actual target aircraft, with the resultant use of time and fuel 
and other expense. 

The portion of the unitary wind-tunnel system being built at Ames 
consists of three separate facilities generally operating from the same 
power system. There is an 11-foot test section which will operate at 
transonic speeds—Mach .7 to Mach 1.5—and two supersonic tunnels, 
covering the range from about Mach 1.4 to Mach 3.5. 

These tunnels have movable throats, consisting of a curved “floor” 
which, by moving forward and backward, changes the angle of the air 
and the amount of compression and expansion, enabling the tunnels to 
simulate changing speeds. The angle of attack of the model can also 
be changed while the tunnels are operating. 

To provide air for these tunnels are a transonic compressor and a 
compressor for supersonic speeds; these compressors have a combined 
requirement of 216,000 horsepower for operation. Ames Laboratory, 
as do.the others, do a great deal of research at night to take advantage 
of the lower power rates available during off-peak hours. 

There is also at Ames a 6 foot by 6 foot supersonic tunnel being 
modified to include the transonic range. This tunnel also will have 
a movable curved throat and the NACA-developed ventilated throat 
which permits steady acceleration through the transonic speed range. 
This tunnel is also a variable density tunnel, enabling accurate re- 
search to be made with the use of models. In tunnels of this nature, 
provision must be made to dry the air so as to prevent condensation 
with resultant shock waves in the nozzle. 

Much of the request for funds for 1956 for the Ames Laboratory 
is for the construction and modifications of the facilities mentioned, 
and for proper staffing and operation expenses. For fullest use of the 
facilities and to more closely simulate actual conditions, subsidiary 
equipment is necessary as is “data reduction equipment”—electronic 
computers—which are also being requested. Ames, as do the others, 
has a substantial requirement and use for this equipment to quickly 
and:accurately arrive at the results of the tests. 


VIL. Tue Hiegu Srereep Fuient Test Faciary 
Chief: Mr. Walter P. Williams 


This NACA facility is located at Edwards Air Force Base in Cali- 
fornia, which has one of the longest runways in the world, at the edge 
of a huge, level, dry lakebed providing an extremely large area for 
emergency landings. 

The equipment at this station is primarily high-speed aircraft. 
While, in the laboratory, conditions can be isolated and studied with 
a precision which is extremely valuable, it is only in flight itself that 
all the problems can be brought together and studied as a whole. A|so, 
problems related to loads, dynamics, and operations can best be 
attacked by flight tests, and there is the further advantage that test 
results can be applied directly to full-scale aircraft, without the cor- 
rections Sometimes: necessary with information obtained from wind 
tunnel models. 
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Perhaps equally important is the actual demonstration of the things 
theoretically determined to be possible in the laboratory. 

To carry out this work the NACA has obtained a number of custom 
built and highly instrumented aircraft. These were obtained through 
the military services and all the work at this facility is carried out.m 
close cooperation with the services and the civilian aircraft builders, 
who have shops and representatives at Edwards Air Force Base. 

The first of these planes obtained was the rocket-powered X~1, 
which flew faster than the speed of sound in October of 1947. Other 
rocket-powered aircraft used are the D-558-II Skyrocket, clocked in 
1953 at 1,327 miles per hour, and the X—1—A, which has flown faster 
than 1,600 miles per hour. An even faster plane, the X-2, is on order 

Specially designed turbojet aircraft are also used. There is the X—5, 
a variable-wing configuration with a heavy pivot at the center of the 
wing where the wing joins the fuselage for exploration of the practi 
calities of this type of construction—the wings are moved closer to 
the fuselage to cut drag at high speeds—and to study various aero 
dynamic results. 

Also used are the D-558-I and the swept wing, X—4, plus the needle 
nosed, twin-jet X-3. 

These research aircraft are not prototypes of future planes, although 
obviously many of the design features which prove successful will be 
copied, but research vehicles used to gather data for use by the entire 
aviation industry and the military in future design. 

The study of the stability and control of these planes at the speeds 
they attain is emphasized, and the airloads imposed on the wings, tail 
and fuselage during maneuvers are also of prime importance. Again, 
exact measurement is necessary, and a typical test may require that 
a plane be fitted with up to 200 strain gages and perhaps 400 pressure 
orifices. The readings from these instruments are recorded automat 
ically, but the value of the flight tests istenhanced because the test 

ilots of the NACA are graduate engineers or scientists as well as 
highly trained fliers. About 7 such men are with the NACA at this 
facility. 

A great deal of work is also done with more conventional aircraft 
The delta-wing XF—92A, designed as an experimental jet fighter, i+ 
used, in addition to the F—100, F—102, and the B47. 

Perhaps a record amount of instrumentation is installed in the B-47 
used by the NACA. This long-range bomber is built with a high de- 
gree of flexibility, and the relatively new area of aeroelasticity is 
undergoing intensive study by the NACA. Not only do the wings of 
the B-47 move in an up and down motion, but they twist and curl dur 
ing flight. Ingenious devices mounted along the leading edges of the 
wings automatically transmit data which enable automatic recording 
of the exact amount of movement while in flight. Stress gages record 
the stresses on the structure of the plane. 

While most of the instrument work for the aircraft flown at the 
high-speed flight station is prepared at Langley or Ames Laboratories, 
an instrument calibration facility and maintenance shop is necessary 
in addition to the hangar and office space provided. 

It. is interesting to observe at this facility that a simple arrangement 
of the area permits manufacturers’ representatives and other non-Gov- 
ernment personnel to visit the offices of the NACA without. passing 
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through restricted areas, thus avoiding unnecessary security clearance 
work. 
VIII. Conciusions 


it is generally recognized that the battle for supremacy—indeed, 
perhaps for surviv al—is now being fought in the laboratory. If it is 
further granted that the strength of our airpower, the nature of the 
itomic weapons it can deliver and the protection it can provide, have 
acted as a deterrent to further war, then the extreme importance of 
he National Advisory Committee for Aeronautics must also be 
granted. For there is not an airplane flying in this country today— 
certainly not a military one—the design of which does not depend to 
some degree upon the scientific investigations of the NACA. To assess 
the value of the work of the NACA, assess the performance of our 
present aircraft. 
~ Continued research is absolutely necessary to the advancement of 
our airpower, and, when per formed by the NACA, it is done for the 
benefit of all military services and available, at least eventually, to the 
entire aviation industry. 

Research of the type accomplished by the NACA is relatively cheap, 
and certainly it is very inexpensive in relation to funds spent for devel- 
opment, which require tremendous sums for the construction of the 
wtual prototype planes, missiles and rockets. The entire budget for 
a year’s operation of the NAC A—fiscal year 1956- -is $76,500,000, 
including the cost of new construction and funds for a reactor to study 
\uclear propulsion for aircraft. 

The military spends only about one-fifth of this sum for research in 
the fields of aerodynamics, powerplants and aircraft structures, yet 
billions on development costs and many more billions on pr oduction 
costs. Yet all of these pyramiding costs depend upon our rapid ac- 
cumulation of basic scientific knowledge. if these investigations are 
delayed, the development costs become more expensive 
out of proportion to research costs 

Yet aircraft manufacturers are already building experiments as 
production models, and these aircraft are of designs very close to the 
limits of our basic scientific knowledge. 

A seemingly infinite number of investigations must take place before 
the designer can bring together research data and adapt and select 
and compromise to bring forth an aircraft of specified performance. 
The legislator without a scientific or aeronautical background and 
who has not had the opportunity to visit facilities of the nature de- 
scribed in this report simply does not—cannot—realize the amazing 
amount of work and time, with the fantastic amount of measurements 
ind calculations, tliat must be made to gain new data. The measure- 
ment of pressures, weights, temperatures, strains and stresses, the pe- 
culiarities of airflow at various speeds, the durability of metals, and 
the power which can be obtained from various fuels are areas which 
offer tremendous fields for exploration, but require thousands of ex- 
acting experiments, measurements and calculations, not to mention 
the verification and coordination of the information and the necessity 
of consideration of the aircraft as a whole, before data can be reliably 
presented for use by the designer. 

The NACA, like any Government agency, has a fixed amount of 
money to spend each year. But in the case of the NACA, when some 
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Government service has to be eliminated due to limitations of funds, 
it is a question of which research programs are the least vital. The 
NACA is not able to do as much research as it would like to do, nor 
as much as the military and private aviation would like to see it do 
But the distinguished group of unpaid citizens comprising the main 
committee of the NACA, together with the Bureau of the Budget and 
the President, have agreed upon for the coming fiscal year a somewhat 
expanded program utilizing the new facilities coming into operation, 
and the judgment of these men is worthy of confidence. 

It is strongly recommended that the entire amount of the funds re 
quested for another successful year’s operation of the NACA be ap 
proved by the Congress. 
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